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Art Unit: 1616 

Non-Final Action 

Acknowledgment is made of the Appeal Brief filed on March 28, 2004. Finality of the 
action is withdrawn. Claims 1-4, 8, 24, and 25 are pending. No claim is allowed. Rejection is 
maintained for the same reasons as set forth in the previous Office Action. 

RESPONSE TO ARGUMENTS 

POINT I 

THE EXAMINER RELIED ON A "SELECTION OF PRIOR ART TEACHINGS" 
STANDARD THAT FALLS SHORT AND IMPERMISSIBLY SHIFTS THE BURDEN 

TO APPELLANTS 

COUNTERPOINT I 

THE SELECTION OF PRIOR ART TEACHINGS CITED BY THE EXAMINER DOES 
NOT FALL SHORT OF THE STANDARD AND DOES NOT SHIFT THE BURDEN TO 

APPELLANTS 

The Examiner is allowed to say, "Instant claim[s] is[are] a selection of prior art 
teachings..." as long as the instant claims show no criticality and/or xmexpected results. 
Examiner agrees; it is true that most inventions are combinations of old elements, but these 
inventions always have something new — criticality and/or unexpected results. The instant 
invention does not have criticality and/or unexpected results. One would expect the same results 
from the prior art teachings. 
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After making the "combinations of old teachings" argument, Applicants attack each 
reference individually. Examiner will reinforce what was said in the previous Office Action: 
Claim 8 is rejected imder 35 U.S.C. 103(a) as obvious over the combined teachinss of Mitchell 
(US Patent 4,588,717), Kamarei et al. (US Patent 4,879,312), and Miettinen et al. (WO 
92/19640). Claims 1-6, 24, and 25 are rejected under 35 U.S.C. 103 as being unpatentable over 
combined teachinss of Miettinen et al. (WO 92/19640) and Mitchell (US 4,588,717). For 
example, on page 20 of the Appeal Brief, Applicants ask, "Why would one have selected DHA 
or EPA based on the generic disclosure of any C2-22 fatty acid in Miettinen?" This argument is 
moot because one would have selected DHA or EPA based on the generic disclosure of any C2-22 
fatty acid in Miettinen in view of the Kamarei reference. 

Examiner notes the Applicant has cited numerous case law, including Ex parte West, Ex 
parte Sterner, Ex parte Bertelloti, etc., all in support of the "combinations of old teachings" 
argument. To cite more case law, "One cannot show nonobviousness by attacking references 
iadividuallv where the rejections are based on combinations of references." In re Keller, 642 
F.2d 413, 208 SPQ 871 (CCPA 1981); In re Merck & Co., hic, 800 R2d 1091, 231 USPQ 375 
(Fed. Cir. 1986). See MPEP 2145. 

On page 20, the Applicants ask, "Why would one have even considered DHA - a fatty 
acid containing 22 carbon atoms and within the scope of Miettinen - when Mitchell teaches that 
such compounds are not as useful (emphasis added) as C18.20 fatty acids?" 

Why are the Applicants so concerned with the use? Claim 8 states, "A composition 
comprising. . ." The Applicants are claiming the composition , not the use . 
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POINT II 

THE EXAMINER IMPROPERLY CONDUCTED THE REJECTION 1 ANALYSIS AT 
THE TIME SHE WROTE THE REJECTION 

COUNTERPOINT II 

THE EXAMINER PROPERLY CONDUCTED THE REJECTION 1 ANALYSIS AT THE 

TIME SHE WROTE THE REJECTION 

On page 22 of the Appeal Brief, the Applicants quote the previous Office Action, 
"'[IJnstant claim is a selection of prior art teachings...'" They go on to say, "The Examiner's 
analysis unmistakably uses verb forms of the present and present perfect tenses - Ms/ Vould be' 
and 'are known.'" 

Examiner would like to put emphasis on another word in that same sentence: "[IJnstant 
claim is a selection of prior art teachings..." Merriam Webster's Online Collegiate Dictionary 
(available at www.m-w.com) defines the word "prior" as "earlier in time or order." 

Examiner will reinforce what was said in the previous Office Action: "Instant 
compositions would have been obvious at the time of invention." [Paper No. 17 at 8] The 
Examiner did "go back in time" because the quotation says that the compositions would have 
been obvious "at the time of invention." 

Examiner believes this argument is not meaningful because it is based on such a small 
technicality. This argument is not relevant to the subject matter of the discussion. Examiner 
could make the same case even in this Response to Arguments. For example, three paragraphs 
above this one, the Examiner writes, "They go on to say..." The Examiner used "say," which is 
the present form of the word "said," but it does not mean that the Applicant was saying it in the 
present. 
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POINT III VI 

Similarly examiner will respond to Points HI- VI at the time of writing the Examiner's 
answer, because arguments are same as described in our previous office actions. 

Claim Rejections - 35 USC § 103 
The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966), that are apphed for estabUshing a background for determining obviousness under 35 
U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 

1 . Claim(s) 1-4, 8, 24 and 25 are rejected under 35 U.S.C. 103 as being unpatentable over 
Higgins, III (US Patent 6,147,236) and Higashidate et al. (J. of Chromatography, 515 (1990), 
295-303). These references teach sterol esters and methyl esters of eicosapentaenoic ac id (EPA) 
and docosahexaenoic acid (DHA), which embrace instantly, claimed invention. See the entire 
documents especially lines 9-67, col 2; cols. 3 and 4; lines 1-20, col. 5 in US '236; see abstract 
and first Para on page 295, Table 1 and last two paragraphs on page 302 in Higashidate 
reference. 

Instant claims differ from the reference in claiming nutritional supplement of specific 
sterol esters prepared by unsaturated fatty acid esters selected from EPA, DHA and Stearidonic 
acid (SA) whereas prior art US '236 teaches sterol esters with unsaturated fatty acids, examples 
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given is same as one of the instantly claimed sterol ester i.e. sterol with DHA, sitosterol 
docosahexaenoate and sitostanol docosahexaenoate, see Hnes 13 and 14 in col. 5. Higashidate 
teaches DHA and EPA from fish oils and prevent diseases such as arteriosclerosis and 
myocardial infarction by lowering the concentration of lipids and cholesterol in blood. It 
discloses that fish oil is a rich source of such fatty acids. Stearidonic acid (SA) is also found in 
fish oil. 

It would have obvious to one skill in the art to prepare additional beneficial nutritional 
supplement using sterols with a pendent ester fiinctionality which when hydrolyzed provides 
another cholesterol-lowering agent. Since Higgins teaches such sterol esters and Higashidate 
teaches that fish oil contains omega-3 fatty acids (a class of PUFA) which includes 
docosahexaenoic acid (DHA) and eicosahexaenoic acid (EPA), one would find ample motivation 
to prepare sterol esters with unsaturated fatty acids from active compounds present in fish oil 
(known to be used as nutritional supplement to loer the cholesterol and triglyceride levels) or 
using unsaturated fatty acids from any other source for use as nutritional supplement. 

2. Claim(s) 1-4, 8, 24 and 2 5 are rejected under 35 U.S. C. 103 as being unpatentable over 
combined teachings of Mitchell (US 4,588,717) and Gregory J. Mishkel et al. (Bailliere's 
Clinical Haematology, Vol. 3, No. 3, July 1990, pp 625-649) and Kamarei et al. (US 4879,312). 
See the entire documents. 

Mitchell (US Patent 4,588,717) teaches vitamin supplements containing phytosterol 
esters such as fatty acid esters of sterol, stigmasterol and taxasterol, in various combinations, a 
composition of the phytosterols, such as sitosterol, stigmasterorl, taraxasterol etc. reacted with 
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polyunsaturated fatty acids such as linoleic acid, (18-carbons, two double bonds), linolenic acid 
(18-carbons, 3-double bonds), arachidonic acid (20-carbons, two double bonds). Fatty acid 
may have about 18-20 in addition to two carbon atoms of terminal carboxyl and methyl groups 
(lines 2-15, col. 6) and at least two double bonds such as arachidonic acid, linoleic acid and 
. linolenic acids are used to make phytosterol esters, (see lines 21-58, col. 3; lines 43-65, col. 5; 
equation 1 and lines 1-1 1 in col. 8). Furthermore, it teaches that the reaction between any given 
phytosterol and any given fatty acid is essentially the same, and is characterized in equation 1 
using sitosterol and linoleic acid as an exemplary fatty acid. 

Mishkel et al. teaches that fish oil containing omega-3 fatty acids lower the serum and 
cholesterol levels, and their beneficial effect on preventing and treating cardiovascular disease. 
See 1'* Para on page 626, third paragraph on page 629, second Para on page 628. Specific use of 
DHA and EPA as dietary supplement are disclosed on section "Angina" on page 634. 

Kamarei et al. teach that a diet rich in omega-3-fatty acids has beneficial effects in 
humans, including a reduction in plasma cholesterol and triglyceride levels, improved fat 
tolerance, prolonged bleeding time reduce platelet counts and decreased platelet adhesiveness. 
The omega-3 -fatty acids are obtained mainly from dietary seafood. It teach n-3 Poly unsaturated 
fatty acids (PUFA) participation and reasons why these materials may be involved in alleviating 
ischemic heart diseases. Furthermore, it also teaches that one of n-3 PUFA i.e. eicosapentaenoic 
acid (EPA ) and DHA reduces triglyceride and very low-density lipoprotein (VLDL) serum levels 
and reduces whole blood viscosity. (See lines 39-59, col. 2; lines 13-54, col. 3; Table 1 and 2 in 
col. 4). 
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Instant claims differ from the reference in claiming nutritional supplement of phytosterol 
ester with specific fatty acids i.e. docosahexaenoic acid, stearidonic acid and eicosahexaenoic 
acid where US '717 teaches phytosterol ester with fatty acids especially containing poly 
unsaturated fatty acid approximately 2-22 carbon atoms. See examples 51-75 in col. 6, equation 

2 in cols 15, 16, 17 and 18. Mishkel et al. teaches that polyunsaturated fatty acids from fish oil is 
used to preventing and treating cardiovascular disease. Furthermore, it teaches two major 
biologically active fish oil compounds, EPA and DHA. 

Note, that Kamarie that n-3 PUFA i.e. eicosapentaenoic acid (EPA ) and DHA reduces 
triglyceride and very low-density lipoprotein (VLDL) serum levels and reduces whole blood 
viscosity. (See lines 39-59, col. 2; lines 13-54, col. 3 and Table 1 and 2 in col 4). 

It would have been obvious to one skilled in the art to prepare additional beneficial 
nutritional supplement using sterols with a pendent ester fimctionality which when hydrolyzed 
provides another cholesterol-lowering agent. Since Mishkel teaches that fish oil contains omega- 

3 fatty acids (a class of PUFA) which includes docosahexaenoic acid (DHA) and 
eicosahexaenoic acid (EPA), see especially last para on page 625 of Mishkel reference). There 
has been ample motivation provided by the prior art to prepare the instant invention. 

Conclusion 

Since US' 236 teaches food grade sitosterol docosahexaenoate and sitostanol 
docosahexaenoate and other references cited above teach DHA , EPA and fish oil containing n-3 
PUFA i.e. eicosapentaenoic acid (EPA ) and DHA reduces triglyceride and very low-density 
lipoprotein (VLDL) serum levels and reduces whole blood viscosity, instant invention is 
considered obvious for the reasons cited above. 

The compounds and compositions as claimed in present invention are considered obvious 
for the reasons as cited above. 



Application/Control Number: 09/448,356 
Art Unit: 1616 



Page 9 



Examiner notes the limitation of temperature (-20C to 20C) in claim 1. Normally, change 
in temperature, concentration, or both, is not a patentable modification; however, such changes 
may impart patentability to a process if the ranges claimed produce a new and unexpected result 
which is different in kind and not merely in degree from results of prior art; such ranges are 
termed "critical" ranges, and applicant has burden of proving such criticality; even though 
applicant's modification results in great improvement and utihty over prior art, it may still not be 
patentable if the modification was within the capabilities of one skilled in the art; more 
particularly, where the general conditions of the claim are disclosed in the prior art, it is not 
inventive to discover optimum or workable ranges by routine experimentation. In re AUer et al. 
105 USPQ 233. 

It is well established that merely selecting proportions and ranges is not patentable absent 
a showing of criticality. In re Becket , 33 U.S.P.O. 33 (C.C.P.A. 1937). In re Russell 439 F.2d 
1228, 169 U.S.P.Q. 426 (C.C.P.A. 1971). 

It is a general rule that merely discovering and claiming a new benefit of an old process 
cannot render the process again patentable. Nor can patentability be found in differences in 
ranges recited in the claims. When the difference between the claimed invention and the prior 
art is some range or other variable within the claims, the applicant must show that the particular 
range is critical, generally by showing that the claimed range achieves unexpected results 
relative to the prior art range. In re Woodruff, 16 USPQ2d 1934. 

In the light of the forgoing discussion, the Examiner's ultimate legal conclusion is that 
the subject matter defined by the instant claims would have been obvious within the meaning of 
35U.S.C. 103(a). 
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Communication 

Any inquiry concerning this communication or earlier conmiunications from the 



examiner should be directed to Sabiha Qazi whose telephone number is (571) 272-0622. The 
examiner can normally be reached on any business day. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Gary Kunz can be reached on (571)-272-0887. Fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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Cardiovascular effects of co-3 polyunsaturated 
fatty acids (fish oils) 



GREGORY J. MISHKEL 
JOHN A. CAIRNS 



The consumption of fish has long been encouraged as a nutritious dietary 
source and. indeed, fish oils have been used for medicinal purposes for 
centuries. More recently there has been great interest in the polyunsaturated 
fats derived from marine animals and their possible benefits in preventing and 
treating cardiovascular disease. This attention extends beyond scientific 
inquiries, to the shelves of supermarkets and the pages of the popular press. 
American and British pharmaceutical firms are now producing and marketing 
purified and concentrated forms of these polyunsaturated fatty acids from 
cold-water fish. 

The purpose of this chapter is to review the salient studies of fish oils and 
their application to human cardiovascular disease. In addition, we will 
review the animal models of atherosclerotic disease from which much 
optimism has been generated. 



Glossary (Figures I and 2) 

Fany acid: Long carbon chain compound with a single carboxyl terminaJ. 
Saturated fatty acid: Category of fatty acids, generally found in animal fats, 
which have no carbon-carbon double bonds, and act to raise total cholesterol. 
Unsaturated fatty acid: Fatty acids which have at least one carbon-carbon 
double bond. Tliey are identified according to the position of the first carbon 
double bond in relationship to the carboxyl terminal. They have variable 
effects on serum lipids. The <i)-y monounsaturaied fatly acids, such as oleic 
acid, generally have a neutral effect on serum lipids. 
01-6 (n-6) Fatty acid: A class of polyunsaturated fatly acids (PUFA) which 
have their first carbon double bond six carbon atoms from the carboxyl 
terminal. The two major acids are arachidonic (AA) (the principal fatty acid 
constituent of animal cell membranes) and linolcic acid. Generally these 
compounds raise serum lipids. 

io-3 (n-3) Fauy acid: A class of PUFA which have their firsi carbon double 
bond three carbon atoms from the carboxyl terminal. This class includes 
a-linolenic acid and the two major biologically active f^sh oil compounds, 
eicosapentaenoic acid (EPA) and docosahexacnoic acid (DHA). 
% 
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Saturated: 
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Stearic add: C1d:0 

Monounsaturated: 
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¥'t%uTK 1. Diagfaimnatic rcprcscniaiionof ihc principal dasscs of fatty acids. The fauy acids arc 
named by the number of cartnm aiorus. next by the number of carbon-carbon double bonds, 
and finally the position (omcpa) of ihc first double bond as counted from the nitfthyl terminal. 



EPIDEMIOLOGY 

Epidemiological surveys in the i970s of Greenland Eskimo populations 
determined that cardiovascular deaths accounted for a relatively small 
proportion of all causes of mortality. In a 25-year morialiiy and morbidity 
study carried out on approximately 180D Greenland Eskimos, Kronman and 
Green (1980) found only one case of myocardial infarction instead of the 
expected 40. Furthermore, the Eskimos were found ^ have a reduced 
prevalence of other chronic and inflamnialory diseases; such as arthritis, 
psoriasis, asthma and diabetes. The age-adjusted mortality rate from myo- 
cardial infarction of these native people is estimated to be one-tenth that of 
their Danish neighbours to the south (Dyerberg, 1982), despite an Eskimo 
diet that is high in fat and cholesterol. 

Eskimos are an extremely carnivorous people, with the majority of their 
food derived from fishing and hunting, and consisting of cold-water fish and 
araic mammals. Red meat and dairy products account for only a very small 
proportion of their diet (Bang et al, 1976). 
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Omega 6 {n-6) Fatty Acids: 
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Figure!. DiasrammaiiL- representation of the Dmega-6and omega-3 family of polyunsaturated 
fitty yctds. Dietary linoletc add: the parent omega-6 compound is converted to iirachidnnic 
acid via desaturation. i'hc predominant omcga-.l fatty ncids, cicosapcaraenoic and 
dccosahcxacnoic acid, are derived prcdominanily from lnh oils; huwever, ihey can be derived 
from ulph;i-lino)ciiic acid via dun^u'.ion und defiaiuration, In humans, this is done only 
sparingly, slowly, and in selected tissues. 

This type of diet contains a high ratio of polyunsaturated to saturated fat. 
Furthermore, the major polyunsaturated fai isof thc<o-3 vijrieiy» rather than 
the a>-6 class characteristic of the North American and European diets. 
Greenland Eskimo adults consume approximately 4g,-day EPA (1.3% of 
daily energy intake), versus the Noniji^merican consumption of less than 
0.1 g^day (Holub, 1988). The metabolic and physiological consequences of 
this type of diet in Eskimos include: favourable changes in lipoproteins 
(Bang et al, 1971); prolongation of bleeding times, reduced platelet 
aggregability (Dyerberg ei al, 1979) and thrombosis (Dyerberg ct ai, 1978); 
afterations in eicosanoid profiles with a lower ratio of AA to EPA in platelet 
membranes (Dyerberg et aU 1979); and potentially favourable shifts in 
thromboxane Az (TXA2) and prostacyclin (Fischer and Weber, 1986). These 
beneficial effects in Eskimo populaiions have also been confirmed by Hirai 
ct al (1984) in a population of Japanese coastal dwellers who eat 2.6g/day 
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The pathogenesis of atherosclerosis, as described by Ross (1986), involves 
the interactions of four types of cells: monocytes, platelets, endothelial cells 
and smooth muscle cells, as well as non-cellular plaque constituents such as 
proteoglycans, fibrous tissue, calcium and collagen. 

Dietary intake of a>-3 fatty adds has the potential to modify a number of 
these interactions and therefore to be more effective in the prevention and 
treatment of vascular disease. The effect of w-3 fatly acids on platelet, 
endothelial cell, monocyte or red cell function in relationship ro 
thromhogenesis is discussed in detail in an accompanying chapter. 

Clinical trials of fish oils in the prevention of human coronary thrombosis 
and atherosclerosis have yet to be published; however, a large body of 
animal data now exists. Weiner et al (1 986) assessed the effect of dietary a>-3 
fatty acid supplementation in a h>'perlipidaemic swine model of coronary 
atherosclerosis. These animals manifest coronary disease that is nearly 
equivalent to humans with respect to its pathology and clinical sequelae, as 
well as possessing similar platelet and coagulation systems. The swine were 
placed on a high cholesterol diet for 3 weeks and then underwent balloon 
injury to the left anterior descending coronary artery. For the next 8 months 
they were maintained on th% liigh cholesterol diet and were randomized to 
receive 30 ml of cod liver oil (3.6 g EPA) daily or placebo. In both groups, 
total plasma cholesterol, low-density lipoproteins (LDL), very low-density 
lipoproteins (VT.DL) and high-density lipoproteins {HDL) rose signifi- 
cantly. After 8 months, the fish oil group had an EPA ; A A ratio approach- 
ing the levels typically seen in Eskimos, and serum TxA2 levels had fallen 
significantly. Only minimal disease was seen in the coronary artery 
specimens from the fish oil treated animals, whereas all of the control 
animals had moderate to severe inn ma I hyperplasia. There was significantly 
less coronary atherosclerosis in. the cod liver oil fed animals than in the 
controls, as indicated by mean lesion area, mean percentage of luminal 
encroachment and mean maximaUuminal encroachment (Figure 3). Tn the 
control group, quantifiable microscopic calcium was significantly higher 
and, although only one vessel had been injured, all three coronary arteries 
had similar disease severity. The beneficial changes seen with the fish oil 
were independent of any positive effect on lipids, but correlated with easily 
detectable changes in levels of platelet arachidonate and EPA, and scrum 
TxAa. 

Shimokawa and Vanhoutte (1988) 5?ldied an analogous porcine model of 
atherosclerosis. It differed, however, in that it provided an earlier stage of 
coronar>^ atherosclerosis because cholesterol feeding continued for 10 weeks 
rather than 8 months. In the cod liver oil group, there was significantly less 
atherosclerotic disease in the balloon-injured left anterior descending 
artery, and milder intimal lesions in the uninjured right coronary artery 
(exposed to hypercholesterolaemia alone) as compared to the cholesterol 
fed group. This antiatherogenic benefit was independent of any favourable 
changes in cholesterol. 

Tlie authors, however, proposed an alternative explanation for the anti- 
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Figure 3. Comparison of the degree of atherosclerosis in the coronar>' arteries of hyper- 
lipidacmic swine. Only the left anterior descsnding (LAD) artery underwent ballcKin injury, 
although similar degrees of atherosclerosis developed in the right coronary orlcry (RCA) ami 
left circumflex artery (LCA). After R inoniks of 3.6ii/day EPA^ there was a drama lie and 
signifioint rcduL'iiun in the mean lesion area in all arteries, as well as the mean :ind maximal 
luminal encroachment (not shown), compared with controls 0.05), C.L.O.. cod liver 

oil. From Wcincr ct aJ (1986). ^ 



atherosclerotic effects of EPA. Endothc Hum-derived relaxant factor 
(EDRF) is not only a vasodilator but al5;o a potent inhibitor of platelet 
aggregation. In control animals, impaired endothelium-depcndent relax- 
ations were observed in the injured atherosclerotic left anterior descending 
artery and to a lesser degree in the uninjured hypercholesterolaemic right 
coronary artery. However, animals fed cod liver oil had normalization of 
endothelial-dependent responses in the uninjured hypercholesterolaemic 
artery, and improvement in the impaired responses in the injured athero- 
sclerotic artery to the levels obtained with hy)$d:cholesterolaemia alone. 
Bioas.says revealed that the improved relaxation by the dietary treatment 
was associated with the enhanced release of EDRF. These results, together 
with similar findings in normal animals (Shimokawa and Vanhoutte, 1989) » 
suggest that dietary treatment with fish oil may protect endothelial function 
by augmenting the relaxation response to aggregating platelets. 

Kim and colleagues (1989) confirmed these observations in a similar 
hypercholesterolaemic swine model but made two further other important 
observations. Fish oils significantly reduced the number of smooth muscle 
cells and monoqle-macrophages in these atherosclerotic lesions when 
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compared with the untreated^onirol pigs. Hyperlipidaemic rabbits fed fish 
oil supplemented diets (Thiery and SicdcL 1987) have elevated plasma 
levels of the products of lipid peroxidation, measured as thiobarbituric 
acid-reactive substances (TBARvS). These substances, which arc associated 
with diets rich in unsaturated fatty acids, can induce cellular injury. Kim also 
detected TBARS, however, since the atherosclerotic lesions were stnaWer 
and showed Itss necrosis in the treated groups; their presence apparently 
had no adverse effects. 

These latter studies documented the beneficial effects of fish oils on the 
progression of atherosclerosis. Further to ihis, Sassen ct al (1989). in a 
similar hyperlipidaemic-injury swine model, demonstrated that fish oils can 
also lead to regression of coronary atherosclerosis. 

Davis et al (1987) documented reduction of atherosclerosis in a Rhesus 
monkey model which had dietary substitution of too faiiy acids for coconut 
oil. These authors also demonstrated that the fish oil group had fewer 
macrophages in the atherosclerotic lesions, perhaps as a result of the 
putative anti-inflammatory effects of w-3 fany acids. Cholesterol remained 
quite elevated in the fish oils group, although less so than in the controls. 

The results of studies in rabbit models of atherosclerosis are inconsistent 
with observations of disease inhibition (Zhu et al. 1988), disease 
acceleration (Thiery and Seidel, 1987), and no difference in disease (Rich et 
al. 1989). Discrepancies in this animal model may derive from several 
sources. Studies often differ as to the breed of rabbit used: some investi- 
gators use a breed that requires cholesterol feeding to promote athero- 
sclerosis, while others use homozygous or heterozygous Wantanbe heritable 
spontaneously hyperlipidaemic rabbits. Calcium antagonists, for instance, 
have also been demonstrated to have divergent effects on atherogenesis, 
depending on the rabbit model used. Species differences might also account 
for the differences in the biological effects of fish oil. For example, fish oil 
has been reported actually to enhance monocyte adhesion and fatty streak 
formation (the initial step in atherosclerosis) in the rat (Rogers and 
Karnovsky, 1988). However, in models of atherosclentsis which most 
closely simulate the human situation, a beneficial effect independent of any 
lipid has been consistently observed. 



POTENTIAL CARDIOVASCULAR USES FOR FISH OILS 

From these basic animal and human stwJies, a variety of ptotcniial therapeutic 
uses in humans emerge. 

Hyperlipidaemia 

Dyerberg et al (1975) found that levels of total cholesterol and LDL 
cholesterol were lower, and that HDL cholesterol were higher among the 
Greenland Eskimos as compared with their age and sex-matched Danish 
counterparts. Recent studies have demonstrated that fish oils arc effective in 
lowering elevated triglycerides (TG) and VLDL by 30-80% (Phillipson et 
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al 1985) The reduction in VLDL may be a consequence of reduced hepatic 
5vnthesis of TG (Harris, 1984a), increased clearance by tissues (Hams, 
or increased biliary secretion CConnor et al. 1981). Fish oils can 
modestiv elevate HDL cholesterol (Holub et al. 1987) and increase the 
number'of HDL receptors and the turnover of HDL (Roach et al. IVS/). • 
The beneficial effects on atherogenic LDL cholesterol are less consistent. 
Earlier studies reported favourable effects (Nestel et al. 1984); however 
mor?reSreporfs(Sull^^^^ 

paradoxical elevations in LDL cholesterol and apoprotein B (apo-B). 
Davidson andcollcagues (1988) have suggested that th.s discrepancy isdue to 
the hijth cholesterol and saturated fat content of the fish oil supplements being 
used Harris el al (1988) tested this hypothesis in a placebo controlled trial, 
using a supplement which contained no cholesterol or saturated fat, m 
patilntswi{htypeIV(elevatcdTrOortypeIIb(elevatedTGandcholesterol) 
hvperlipoproteinaemia. Administration of a.-3 fatty acids indeed lowered TG 
and VXDL in all of the hypertriglyceridaemic patients. However the LDL 
cholesterol and apo-B levels were raised in patients with previously high or 
normal levels. It is probable that the earlier studies demonstrating a lowenng 
of LDL cholesterol were a result of a combination of reduced saturated tat 
intake and a large increase in the intake of polyunsaturated fats. 

A role for u>-3 fatty acids in the therapy of lipid disorders is therefore 
probably restricted to patients with hypcrtriglyceridaemia, where a con- 
sistent benefit is demonstrated. Caution is advised however, bemuse of the 
potential offsetting effects of raising LDL cholesterol and apo-B levels. 



Hypertension 

The in«estion of fish oils, and even fish flesh, has been associated with a 
reduction in blood pressure. Early reports indicated a hypotensive effec 
even with PUFA. However, because of variations in study design arid 
the complex nature of dietary influences on human physiologV: reports in 
the literature are often at variance. 

Singer and colleagues (1985) placed patients with mild essential hyper- 
tension (< lOOmmHg diastolic) on a diet supplemented with 2.2 g/day EPA 
and then 3 3 g/dav EPA. They observed a significant decline m systolic and 
diastolic pressures when compared to controls, even with ihe lower weekly 
intake. Tliese changes occurred after only 2 weeks oLintake, with values 
returning to baseline within 2 months of ccssation.;^Fhe blood pressure 
lowering effects can also be demonstrated in patients with secondary causes 
of hypertension, such as end-stage chronic renal failure requiring haemo- 
dialysis (Rylance et al, 1986), as well as in healthy volunteers (Rogers et al, 
1987) 

As these hypotensive chanecs occur without major shifts in plasma 
catecholamines (Singer, 1986) or the renin-aldosterone systern (Mortensen 
et al 1983). they have been leniatively anribuied to enhanced synUiesis o 
prosJacvcUns and reduced synthesis of TxA^. Knapp and Fitzgerald (19S9) 
examined this hypothesis by assessing the endogenous production ot prosta- 
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cyclin prostaclandin E2 (PGE.) and thromboxane in males with essential 
hypertensionrduring a 4.wcek period of low (1.8 g/day EPA) and toe 
(9 Og/day EPA) fish oil supplementation, as well as a diet of u)-6 PUFA 
(39 g/day safflowcr oil) and another diet of a mi.xture of oils approximating 
the types of fat present in the American diet. 

Only the high dose fish oil group had any significant reduction of systolic 
or diastolic blood pressure during the study period. Although the total 
production of prostacyclins (?Gh and PGI3) increased during the first week 
during the subsequent 3 weeks, while blood pressure was falling, the total 
amount of prostacyclin was falling in parallel to ba.seline levels. Unnary 
metabolites of thromboxatie, however, did fall in a dose-related fashion m 
both fish oil groups. The excretion of the vasodilator)' hormone, PGE2. 
demonstrated a non-significant downward trend during fish od supple- 
mentation. These authors concluded that the fall in thromboxane pro- 
duction and changes in prostacydin synthesis were unlikely to have led to 
blood pressure lowering, although ii is possible that changes m prostacyclm 
synthesis induced other, as yei undescribed, changes in blood pressure 
control. 



Vascular disease 

Symptomatic vascular disease is not determined solely by the degree of 
arteriosclerotic lumcnal narroxving but also by ongoing thrombotic pro- 
cesses characterized bv platelet-vessel wall interactions. The net functional 
result of these chances, in patients with atherosclerosis who have dietary 
supplementation with fish oils, is complex and is just becoming apparcnt. 
Knapp ct al (1986) studied the effects of fish oil on the potential for 
modification of platelet-vessel wall interactions in patients with advajnccd 
peripheral vessel disease. These patients have elevated basaUevels of TXA2 
and prostacyclin metabolites in their urine as compared with healthy 
controls, presumably as a result of ongoing platelct-vcssci wall mteractions. 
When Ihcy were fed 10 g/day EPA for 4 weeks, there was a significant lall in 
the vasoconstrictor TxA2, associated with a minor accumulation of inactive 
TxAt metabolites. Concomuant with these changes, PGh fell to control 
values and PGI3 levels rose significantly. Bleeding times were prolonged by 
30% and favourable trends in parameters of in viiro platelet aggregation 
were observed. However, this effect on platelet aggregation is less than that 
observed after the administration of a sij^le 325 mg dose of aspirin because 
the residual 10% capacity to form thromboxane is sufficient to sustain the 
Qcrgregaiion process (Reilly and FitzGcrald, 1987). . ^ . ^ 

^Hay and coworkers (1982) found, in a popu lation of patients with ischaemic 
heart disease, a reduction in the plasma level of p-thromboglobulm after fish 
oil supplementation, together with evidence of prolonged platelet survival. 
Healthy individuals (Ahmed and Holub, 1984), haemodialysis patients 
(Rylance ct al ,1986), stroke victims (Green et al, 1985) and diabetics (Hai nes 
et al , 1986) all demonstrate these potential ly beneficial alterations in platelet- 
vessel interactions afrer fish oil supplemeniaiion. 
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Claudication 

It is known that EPA reduces whole blood viscosity, as well as increasing 
erythrocyie deformabiliiy (Terano ci al, 1983). Woodcock and associates 
(1984), in a randomized control triaL demonstrated a reduction m whole 
blood viiicositv in patients with peripheral vascular disease who received 
1 8g/day EPA for several weeks. These, changes were attributed to the 
incorporation of EPA into the erythrocyte membrane, as there was no 
reduction in packed cell volume or plasma viscosity. Bruckner et al (198/) 
demonstrated that healthy volunteers given fish oil supplements, as com- 
pared with those given olive oil, evidenced an increase in capillary blood 
flow velocity by a factor of 1.75. The clinical efficacy of fish oil supple- 
mentation on cfaudicaiion has not yet been defined. 



Angina 

Clinicalstudiesexaminingtheeffectsoffishoilsoncoronaryartery disease are 
rare Savnor et al (1984) looked at the relatively long-term effects (up to 2 
years) of dietary supplementation with 3.8 g^'duy EPA in 31 patients who had 
symptomatic angina. Although there were no objective data to qtjantitate 
reduction in myocardial ischaemia, and no controls, the number of anginal 
attacks experienced fell, and the nitroglycerin consumpuon dech^ed from 
almost 30 tablets to only 5 tablets per week. Accompanymg this iall was a 
favourable effect on lipid and bleeding profiles\ 
Mehtaeta](1988)reporicdontheuseof3.2gEPAy2.2gDHAperday,ina 

double blind, crossover, placebo controlled stujfiy of symptomatic stable 
ani;ina Treadmill testing during the period offish oil supplementation led to 
favourable, but non-significant, trends in the time to onset of ST segment 
depression (4.1 ±2.8 to 6.5±3-8min) and the exercise time to angma 
(5 0±3 5 to5 4±2.5min) when compared with baseline. Furthermore, a 
highly significant (/'<0.01) reduction in rest and exercise double product 
was observed during fish oil supplementation, and non-sigmficant trends 
were obser^'ed in weekly anginal frequency (f <0.6) and nitroglycerin 
consumption (P<0.2). However, the study included only eight patients. 

Myocardial injuraion 

Although early reports of experimental myocardiaMnfarction in the rat 
sueuested that* diets supplemented with fish oil coulcf«avc an arrhythmo- 
genic effect and lead to a larger infarct (Gudbjarnassen and Halligninsson, 
1975), more recent reports indicate benefit in pretrcatmcnt with aj-3 fatty 

**''lrf a canine model of myocardial infarction induced by electrical stimu^ 
iation of the left circumflex artery (Gulp et al, 1980), dogs fed for 36^5 days 
prior to the event maintained a more normal ECG pattern, and demon- 
strated less than 30% ectopic beats after 19 h. The control animals had 80% 
ectopic beats during the same time. Additionally, the fish oil ted dogs had 
smaller areas of infarction (3% of the left ventricle) when compared to 




CARDIOVASCULAR 

controls (25%) 
apparent protec 
suggests a possil 
circumflex arteji 
strated signified 
well as less pig 
Perhaps the rd 
occurs with <o-3i 
vessel patency ( 

In an experi) 
reperfi^ion (01 
smaller infarcts 
difference in infi 
changes in coll| 
reduced vasocqj 
preparations exi 
vascular contraiJ 
reper fusion in tl- 

Another polcji 
colleagues (19S| 
oils leads to prof 
lipids in sarcolen 
alsodemonstratt 
measured by a r 
these membrand 
activities, and cq 
and pathophysiq 
functional paraij 
fish oils, past i^^ 
myocardial lipi' 
instance, animai 
rate (DeDeckr 
responses to vai 

Another potei 
on arrhythmias 
re perfusion. Mc 
model of arrhyiit 
anterior descenc 
allowing reperft 
12 months witH 
supplemented w 
diet (sheep fat), 
fibrillation was; 
sunflower oil an 
increased with ti 
diet. A reduclic 
was also observ 
oil diet totally i 



Material may be protected by copyright law (Title 17, U.S. Code) 



G. J. MiSHKEL AND J. A. CAIRNS 



lood viscosily, as well as increasing 
il, 1983). Woodcock and associates 
demonstrated a reduction in whole 
icral vascular disease who received 
;se changes were attributed to the 
ocyte mcmhranc, as there was no 
mi} viscosity. Bruckner et a! (1987) 
given fish oil supplements, as com- 
nccd an increase in capillary blood 
clinical efficacy of fish oil supple- 
:)een defined. 



ishoilson coronary artery disease are 
relatively long-renn effects (up to 2 
>.8 g/day EPA in 31 patients who had 
/ere no objective data to quantitate 
I no controls, the number of anginal 
;lycerin consumption declined from 
A'eek. Accompanying this fall was a 
profiles. 

of3.2gHPA/2.2gDHAperday,ina 
rolled study of symptomatic stable 
iod of ftsh oil supplementation led to 
in the time to onset of ST segment 
) and the exercise tinie to angina 
•arcd with baseline. Furthermore, a 
in rest and exercise double product 
mtation. and non-significant trends 
quency {F<0.6) and nitroglycerin 
itudy included only eight patients. 



:al myocardial infarction in the rat 
h fish oil could have an arrhythmo- 
(Gudbjarnassen and Hailigrimsson, 
nefit in pretreaiment with co-3 fatty 

arction induced by electrical stimu- 
» et al, 1980), dogs fed for 36-45 days 
normal tCG pattern, and demon- 
r 19 h. The control animals had 80% 
iditionally, the fish oil fed dogs had 
t left ventricle) when compared to 



CARDIOVASCULAR EFFECTS OF FISH OIL 



635 



controls (25%). The authors were unable to explain adequately the 
apparent protective effect of the fish oils. The work of Benedict et at (J 989) 
suggests a possible explanation. In his model of spontaneous thrombosis of a 
circumflex artery, dogs red 400mgkg"*day'^ total w-3 PUFA demon- 
strated significantly Jess vasospasm in the circumflex artery (P<0.01). as 
well as less platelet aggregation as measured by peak serotonin levels. 
Perhaps the reported reduction in plasminogen activator inhibitor that 
occurs with w-3 PUFA intake ako acts to decrease thrombosis and mainiain 
vessel patency (Mehta et al, 1989). 

In an experimental model of circumflex artery occlusion followed by 
reperfusion (Oskarsson et al, 1988), fish oil fed dogs had significantly 
smaller infarcts (13 ±3% of area at risk) versus controls (29 + 7%). The 
difference in infarct size could not be attributed to different areas at risk or 
changes in collateral blood flow. Mails et al (1988), having demonstrated 
reduced vasoconstriction and enhanced relaxation in isolated rat aorta 
preparations exposed to anoxia, postulated that these favourable changes in 
vascular contractility may be the mechanism for improved postischaemic 
reperfusion in this animal model. 

Another potential explanation for these findi ngs was provided by Hock and 
colleagues (1987) who demonstrated that dietary supplementation with fish 
oils leads to profound changes in the fatty acyl composition of the phospho- 
lipids in sarcolemmal me mbranes , with a red uction of the w-6 : (o-3 ratio . They 
also demonstrated a reduction of infarct size after coronary artery ligation , as 
measured by a reduction in the loss of creatine kinase. They postulitted that 
these membrane changes could affect cellular transport processes or enzyme 
activities, and could lead to alterations in cardiac function underphy.siological 
and pathophysiological conditions such as myocardial ischaemia. Although 
functional parameters have not been examined in the hearts of animals fed 
fish oils, past studies support the principle that dietary modificadon of 
myocardial lipids is associated with changes in myocardial function. For 
instance, animals fed sunflower oil demonstrate an increased coronary flow 
rate (DeDeckre and ten Hoor, 1980). as well as diminished contractile 
responses to various inotropcs (Dryden et al, I9S2). 

Another potential benefit of long-term fish oil .supplementation is its effect 
on arrhythmias during myocardial infarction, and particularly during 
reperfusion. McLennan and associates (1988) examined a whole animal 
model of arrhythmia and sudden cardiac death, produced by ligaiing the left 
anterior descending coronary artery^pf anaesthetized rats, and subsequently 
allowing reperfusion by releasing tlWf ligature. Animals were preireated for 
12 months with one of four diets: standard rat chow, or the same diet 
supplemented with w-6 PUFA (sunflower seed oil), or a saturated fatly acid 
diet (sheep fat), or an (i>-3 PUFA diet (tuna oil). The incidence of ventricular 
fibrillation was virtually zero during the period of occlusion with the 
sunflower oil and the tuiia oil diets, whereas the incidence was significantly 
increased with the sheep fat diet when compared with the standard reference 
diet, A reduction in the incidence and duration of ventricular tachycardia 
was also observed. Furthermore, during the period of reperfusion, the fish 
oil diet lotallv abolished ventricular fibrillation, although the other diets 
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either had no effect or were deleterious (sheep fat). It appears that there are 
differences between the types of unsaturated fatly acids in dietary lipids in 
relation to their effects on arrhythmia development. This is possibly 
explaijied by the incorporation of w-3 fatty acids into myocardial phospho- 
lipids leading to decreased production of TxAi, a compound which has been 
implicated in repcrfusion arrhythmias (Cokcr and Parralt, 1985). 

Benediktsdottir and Guobjamason (1985) also demonstrated that rats 
consuming cod liver oil were less prone to ventricular fibrillation after 
isoprcnalinc than those that ate maize oils. However, in the only human 
study published to date, Hardarson ct al (1989), using a crossover design, 
found that 20 ml/day cod liver oil begu^i 1 week after uncomplicated myo-. 
cardial infarctions had no effect in reducing the number of ventricular 
exirasystoles as compared to placebo. This was a relatively small study of 
only 18 men and, unlike the animal models adnynistration, took place under 
relatively stable ischaemic conditions. 

To date thei-e have been no human studies to determine the effect of tish 
oils on infarct size reduction, primarily because of ihe period of pretreat- 
ment required. However, a British randomized controlled trial with a 
factorial design (Burr et al, 1989) has recently examined the possibility that 
dietary changes can reduce the risk of myocardial infarction recurrence and 
death. Two thousand and thirty-three men who had recovered from a 
myocardial infarction were allocated to receive or not to receive three sets of 
dietary advice: a reduction in fat intake and an increase in the ratio of 
polyunsaturated to saturated fats; an increase in fatty fish intake; and an 
increase in dietary cereal fibres. There were eight pos.sible combinations of 
these dietary factors, including one group who received no dietary advice of 
any kind. 

Those patients who received advice regarding increased fish consumption 
had a 29% reduction in all-cause mortality, the difference being attributable 
to a reduction in deaths related to ischaemic heart disease. This significant 
benefit appeared early, after 3 months, and persisted for up lo 2 years, and 
was independent of other confounding factors. However, there was no 
reduction in the rates of non-fatal reinfarction, and in neither of the other 
two dietary groups was any benefit observed. 

Objective evidence of compliance with dietary advice was obtained from 
serum cholesterol and plasma fatty acid measurements. The amount of fish 
consumed was small, contributing approximaielv 2.5 g EPA weekly, and 
was not associated with favourable changes in cholesterol .status. 

Cerebral vascular accidents 

No controlled studies have reported on the effect of fish oils on strokes in 
humans; however, the protective effect of u)*3 fatty acids on acute cerebral 
ischaemia has been investigated in an animal model (Black et al, 1979). For 
lfy-24 days prior to ligation of the middle cerebral anery, cats were fed either 
cat chow alone or supplemented with w-3 PUFA. This prophylactic admin- 
istration resulted in a lesser neurological deficit and volume of brain 
infarction. Analysis of the lipid content of those cats fed the a)-3 PUFA diet 
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indicated no changes in brain tissue; the authors thus concluded that this 
apparent prophylactic benefit accrued due to beneficial changes in cicosanoid 
profiles, with elimination of .secondary cerebral vascular spasm. 

Coronary artery bypass grafts 

Coronary artery bypassvgrafting (CABG) has now been performed for the 
last 20 years, with vein graft occlusion accounting for the greatest post- 
operative morbidity. ,The highest risk of closure occurs during the first 
month postoperatively, as a result of graft thrombosis. Over the first year, an 
accelerated form of narrowing occurs because of intimal hyperplasia; there- 
after, vein grafts undergo an atherogenic process indistinguishable from that 
in arterial lesions. The overall result is that about 10 ye«rs after CABG. 
approximately 50% of grafts are occluded. 

Therapy with aspirin alone (Goldman ei al, 1988) or in combination with 
dipyridaniole (Chesboro et al, 1982) begun prior to CABG in humans has 
been demonstrated to reduce significantly the incidence of acute occlusion, 
due to thrombosis, and those occurring during the first year postoperatively, 
due to intimal hyperplasia. Animal studies suggest that this intimal hyper- 
plasia is likely to be platelet mediated, and have confirmed that a combi- 
nation of aspirin and dipyridamole can reduce its incidence. 

Cod liver oil has also been shown to reduce intimal hyperplasia in 
autologous vein grafts used for arterial bypa.ss. fnadog model rcccivinga2% 
cholesterol diet for 1 week prior to the interposition of an autologous jugular 
vein between bilaterally divided femoral arteries. Landymorc and colleagues 
(1985) observed a 350% reduction in the degree of intimal hyperplasia seen in 
a cod liver oil treated group of animals when compared with controls. Using 
the same model , Landymore et al (1986) also looked at a direct comparison of 
fish oil versus a combination of aspirin and dipyridamole (Figure 4). The 
intimal thickness increased approximately twentyfold after 6 weeks of the 
high lipid diet in control animals. Aspirin-dipyridamole significantly reduced 
this intimal hvperplasia by approximately 50% atsacrifice, whereas the fishoil 
further reduced it by 75% (P<0.004). Casali et al (1986), interposing 
synthetic arterial grafts, similarly demonstrated that mackerel fed dogs had 
improved graft patency and reduced intimal hyperplasia at the anastomotic 
site when compared to dogs on a regular diet or those supplemented with 
aspirin-dipyridamole. 
Cahill and colleagues ( 1983), using a similar venoarterial autograft canine 



hyperplasia was mediated by decreased TxAj production. A cholesterol 
diet, with or without EPA supplementation, did not affect PGI2 production 
(measured by radioimmunoassay) in any native vessel or the vein grafts. 
EPA in this canine model does not appear to increase hepatic LDL receptors 
or significantly alter lipid levels. 

Researcher^ from the Mayo Clinic postulated an alternative mechanism 
(Komori et al. 1989) asing a porcine model fed a 2% high cholesterol diet, 
with or without cod liver oil supplementation. In porcine femoral veins, as in 
porcine coronary arteries (Shimokawa ec al, 1987), cod liver oil facilitates 
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ngurc 4. A comparison of control dogs fed a27r cholesterol diei for 1 week prior to ju^^ 
KraftiiiR to divided fcmciral «ricries. contrasting the supplementol effects of 30mg kg day 
Lirin and 25mBkg-' day'' dipvridaimile (ASA/DIP), and cod liver oil (CX.O.) to provide 
I S a-dav of EPA. At S weeks sacrifice there is significant iniimal hypcrpjasia (83 ± 10 micrv>as) 
compared to nonnal jufiular veins (4.5 ±0.2). Both raedicb! rvgi mens .educed th« int.mal 
h>-perplasia ( 1* < 0-001) : AS A/DI P to 37 - 3 microns . and EPA significantly more so to 24 x 2.3 
P=<:O.OCVi). Fnim i^ndymorcct a( {19S6). ^ 

endothelium-dependeni relaxations in response to platelets, serotonin, and 
adenosine diphosphate. This reduction in the vasoconstriction induced by 
aggregatini; platelets is independent of any changes in vasodilator prosta- 
glandins. The fact that cod liver oil supplementation promotes the release 
and synthesis of EDRF may be the reason why tj-S PUFA decrease the 
intimal hyperplasia in canine venous autografts. 

The combina tion of aspi r i n and fish oils on venoarterial autografts has also 
been evaluated. In one such controlled study (Sarris el al, 1989a), (1) hsh 
oils (2) aspirin, (3) the. thromboxane synthetase inhibitoi;^CGS- 12970, (4) 
fish'oil plus aspirin, and (5) fish oils plus CGS-12970, we^e evaluated for 
their effects on thromboxane generation and the degree of subsequent 
intimal thickening in cholesterol fed dogs. At 3 months, a similar degree of 
suppression of platelet aggregation was observed in all expenmental ^oups 
as compared with controls, although there was a significant diminution m 
thromboxane generation only in the dog.<; fed aspirin, and a complete 
abolition in those dogs receiving aspirin plus fish oils. A significant reduction 
in intimal hyperplasia was observed only in those dogs receiving fish oils, 
with none further from the addition of aspirin. A weak reduction m in vivo 
scrum (but not plasma) gro>\ih factor activity associated with fish oil 
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treatment was sugcested in this experiment. This altered mitogenic activity 
correlated with the quantitative degree of reduction of vein graft intimal 
hyperplasia. , , . 

' Rigorous trials of a>-3 fatty acid supplementation m humans undergoing 
bypass surgerv have not vet been reported. In one preliminary report 
(DeCaterina et al, 1988), 15 patients received 3 g/day EPA for 28 days prior 
TO CABG. The anticipated changes in platelet and lipid profiles were 
observed. Spontaneous prostacyclin production by the saphenous veins was 
greater after EPA than in controls. 

Although these animal studies taken together clearly demonstrate that 
w-3 PUFA administration will predictably and significantly reduce the 
degree of intimal hyperplasia associated with venous bypass grafting, the 
exact mechanism of action by which EPA (and DHA) exert this beneficial 
effect remains unclear. 

Cardiac allograft arteriosclerosis 

Accelerated allograft a>ronary artery disease is one of the most frequent 
ciiuscs of laie death in human cardiac transplantation. Although similar in 
many respects to ^natural* atherosclerosis, this process differs in that it 
develops rapidly and in a diffuse oblilerative manner. When standard anti- 
rejection agents are administered, the addition of aspirin, with or without 
dipyridamole, does not reduce the incidence or degree of accelerated 
allograft coronary disease. DeCampli et al (1988) looked at the effects of 
cod liver oil on dogs undergoing venoarterial allografting. No significant 
differences were found between controls, aspirin-dipyridamole treated and 
cod liver oil treated animals with respect to the degree of subendothelial 
myointimal cell proliferation caused by chronic or recurrent acute immuno- 
logical rejection. 

In this study, the dogs were not on any immunosuppression, so that the 
extensive immune-mediated endothelial damage that occurs during the first 
3 weeks of venoarterial allografting in dogs miiy have been overwhelmingly 
strong. It is possible thai fish oils may become effective late after trans- 
plantation when endothelial integrity is re-established. Also, the use of 
anti rejection agents, a more clinically analogous situation, may have helped 
reduce the degree of intimal thickening. Indeed , Sarris ei al (1 989b) demon- 
strated that in a rat model of cardiac allografts treated with cyclosporins fish 
oil supplementation was significarUly superior in reducing the degree of 
allograft coronary disca.se when cofhpared to controls or those treated with 
aspirin and dipyridamole. 

Percutaneous transluminal coronary angioplasty 

Percutaneous transluminal coronary angioplasty (PTCA) is a highly success- 
ful, safe and cost-effective means of 'achieving myocardial revascularization. 
However, 6 months after angioplasty, 30-40% of patients have developed 
restenosis at the site of the dilatation. The incidence has changed little since 
the introduction of PTC A . The process is presumably initiated by injury to the 
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iniima and media which occurs during balloon inflation. Within hours of xhe 
procedure there is a dense deposition of platelets, followed by monocytes, ai 
the site of dilatation. During the healing phase, smooth muscle eel Is migrate 
from the media and proliferate, presumably in response to growth factors 
secreted by platelets and macrophages which have accumulated at the site of 
injury. 

A variety of potentially bcncficiisl pharmaco(ogical interventions have 
produced disappointing results. These include: various antiplatelet agents, 
anticoagulant regimens, thromboxane synthetase inhibitors, and prosta- 
cyclin dsrivatives. Because restenosis, like atherosclerosist probably results 
from an interplay of various biological pathwa>'s, an agent directed at only 
one component of the cascade is unlikely lo be successful. Theoretically, fish 
oils could be of benefit because of their multifactorial actions on various 
components of this injury process. 

Lam and colleagues (1987) have demonstrated that dietary supple- 
mentation with fish oil cim diminish platelet-arterial wall interaction in vivo 
after vessel injury. Normolipacmic pigs, receiving dietary supplementation 
with 4 weeks of fish oil, underu^ent carotid artery injury by balloon 
angioplasty. When compared with controls (no fish oil diet), these animals 
demonstrated significantly less platelet deposition and injury-related vuso- 
constriction at the sites of deep arterial injur>'. Reduced platelet deposition 
was demonstrated, not only in vivo but also ex vivo, when blood from these 
pigs was supcrfused at a coniroiled shear rate on to normal untreated 
porcine aortic media. However, fish oil, like other platelet inhibitors, 
including aspirin, did not prevent the monolayer of platelet adhesion at sites 
of mild injury. 

Five trials of fish oils for the prevention of restenosis after PTCA (Figure 
5) have been reported. The issue remains unsettled because each of these 
Iriais has different inclusion and exclusion criteria, and only iwo have 
relatively complete angiographic follow-up. Different dosage regimens, 
and, in particular, different durations of fish oil supplementation prior to the 
PTCA to allow for incorporation into cellular membranes, have been 
employed. 

Three trials used either clinical parameters lo define restenosis or had 
incomplete angiographic follow-up. Slack and colleagues (1987) studied 162 
patients who underwent PTCA and received a total of 1.8-2.7 g/day fish oils 
(l.l-1.6g/day EPA). Clinical assessment and treadmill testing were done 
every 2 months for6 months after the procedure. In the ) 13 p^ijcnts who had 
a single lesion dilated, clinical evidence of restenosis occurred in 16% who 
had taken EPA versus 33% of the controls. However, no such benefit could 
be demonstrated for the 49 patients with muliivesscl PTCA. 

Milner and associates (1989) assessed clinical restenosis and angiograms, 
when indicated, in 183 patients over a 6-month period. One group received a 
total of 4.5 g/day fish oil (3.2 g EPA) and had a restenosis rate of 19% at 6 
months, compared with a rate of 36% in the control group (F<0.008). Tliis 
favourable result is surprising in light of the fact that these patients were not 
treated with the fish oil prior to their PTCA, receiving the supplement within 
24 h after the procedure. In the 45 patients whose restenosis was proved by 
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Fij;urr 5. Coinpiiri«in of five irials of fish oih to fcUucc the incidence of resicnosis post PTCA. 
Selection criteria and numl>er of patients in each triu). iis well as the to'.al daily fi$h oil dosage, 
lenjjih of prelreatmcttt. and concomitant medications varies from trial to trial. Follow up 
angiography as an cnd-ptiinl in the detection of restenosis was used in only two trials in over 
91)% of paticnis entered. One trial used only an ischacmic respoasc on treadmill testing as an 
itidicattoii of rciiitfrtLisis anil iwu iriHls proceeded i^tcpwisc from treadmill testing to corona r>' 
an(»iography only if indicated. PUrA, polyunsaiuniled fatty acid. 

angiography there was a non-significant trend favouring those subjects who 
took fish oils (18 versus 27%, F<Q. 12). 

In a contradictory study (Reis et al, 1989) of 222 patients, there was no 
difterence in the overall clinical restenosis rate at 6 months between the fishoil 
treated group as compared with controls (35 versus 24% respectively). 
However, symptoms and treadmill tests were used as an end-point, with only 
37% of patients having their anatomy confirmed by follow-up angiography. 
In these patients, too, there was a trend towards a higher restenosis rate in the 
fish oil treated group (33%) versus controls (23%). This study is difficult to 
interpret because of various design problems. The first 28 patients 
randomized were treated in an unblinded way. Patients received a total of 
6g/day fishoil, but as two different preparations, eiiherconstitutcdasanethyl 
ester or as a triglyceride. Furthermore, the length of pretreatment varied 
frorh 1 to 7 days (mean 5.4 ±3. i days). 

Only two studies have had complete follow-up angiography performed. 
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Grigget al (1989) delected no difference in restenosis rates in 104 patients 
randomized to 3.0g/day Rsh oil versus placebo. There was angiographic 
foHow-up in 93% of the paiients between 3 and 4 months. However, a 
relatively low dose of 1.8g/day EPA was used, and the medication was 
started oniv within the first 24 h prior to the procedure. 

Dehmer'et al (1983) studied 83 patients who received either a standard 
PTCA regimen (aspirin-dipyridamolc) or, in addition. 5.4g''day fish oil 
(3.2g/day EPA) begun 1 week prior to the PTCA, One hundred per cent 
angiographic follow-up was obtained ai 3-4 months, documenting a highly 
significant 77% reduction in restenosis rates, in the fish oil-treated group. 
During clinical follow-up over the next 12 months, after the fish oils were 
disconiinued. no new symptomatic events suggestive of restenosis were 
observed. 

This study was also important in documenting thai u>-3 fatty acids could be 
used in combination with two other antiplatelet agents without causing 
significant prolongation of bleeding times, clinically significant thrombo- 
cytopenia, or haemorrhagic complications related to the PTCA procedure 
or subsequent emergency CABG. Caution must be used in generalizing 
from this small study as it was performed on a highly selected population of 
male veterans. 56% of whom smoked. 

Fish oil supplementation appears promising for the prevention of post- 
angioplasty restenosis, but larger and more generalizable studies with more 
complete angiographic follow-up are required to evaluate the role offish oils 
in the prevention of post-PTCA restenosis. 



PHARMACODYNAMICS 



Dosages 

Incorporation kinetics reveal thar EPA ingested as the ethyl ester appears in 
plasma free fatty acids and plasma phospholipids within 4h of ingestion, but 
is not incorporated into platelet membranes in amounts sufficient to produce 
measurable changes in function until day 6 (Von Schacky and Weber, 1985). 
li appears that platelet membrane fatty acid composition does not 
immediarely reflect that of the plasma milieu but rather is determined during 
megakaryocyte maturation. 

How much fish oil must be taken daily to achieve desirable effects is 
unclear. Eskimos ingest 5-10 g/day EPA over a lifetime, but smaller intakes 
may be beneficial as prophylaxis against vascular disease. Over-cooking, 
deep-frying, salting or pickling of fish will reduce the amount of available 
EPA and DHA. 

Consumption to 2-5g.'day l>-3 PUFA is likely to be sufficient to induce 
changes in prostaglandin and lipoxygenase products. The amount of (i)-3 
fatty acids required to effect changes in cellular membranes appears to be 
less than that required to lower lipids. For instance, initial dosages to lower 
serum triglycerides must be in the range of 5-lOg/day, with overall results 
being dose dependent. Changes occur within the first 2-6' weeks after 
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Starting therapy. Ii has been demonstrated that fish oil concentrate at high 
doses (lOg/day w-B PUFA) followed by reduced dosages (6g/day) cannot 
sustain the initial lowering of plasma TG (Schectman ei al, 1989). Moreover, 
the effect of the higher dose appears to tail off after the first month of 
therapy. 

The dose required to reduce blood pressure consistently is uncertain. 
Whereas l.Sg/day EI^A was insufficient in Knapp's study (1989), such 
dosages have previously been reported to be effective (Mortensen et al, 
1983; Houwelingen et al, 1987). From the reports in the literature one can 
expect falls of approximately .5-10% in both systolic and diastolic pressures, 
equivalent to the effects of a thiazide diuretic or p-blocker. 

Of the fish oil supplements currently on the market, the most palatable are 
the concentrated forms in gelatin capsules. These preparations have been 
highly purified and refined and contain 300-500 mg of w-3 fatty acids. Cod 
liver oil. which contains 20% ti)-3 fatty acids, must be treated to remove 
excess vitamins A and D, and to reduce cholesterol and pesticide residues. 
Fish oil supplements are generally well tolerated, even though daily con- 
sumption of 10-20 capsules is necessary. The major side-effects are gastro- 
intestinal and include fishy taste, belching, flatulence, bloating and 
occa.sionally diarrhoea. Newer, more concentrated compounds arc being 
developed, with more than 500 mg EPA per capsule, allowing for fewer 
capsules per day and improved compliance. 



POTENTIAL TOXICITY 
Bleeding complications 

Because of the prolongation of bleeding times and the mild thrombo- 
cytopenia that has occasionally been reported, there are concerns regarding 
bleeding complications, particularly the risk of hacmorrhagic strokes. 
Eskimos reportedly have an increased incidence of cerebral 'apoplexy' 
(Kronman and Green, 1980), although objective evidence of intracerebral 
bleeding has not been documented. Furthermore, epidemiological surveys 
have demonstrated a reduced incidence of all strokes in populations ingest- 
ing large amounts of fish oils (Hirai el ai, 1984). Clinical trials using these 
agents, even in combination with aspirin, have not generally reported any 
additional untoward effects. Although isolated reports of significant 
thrombocytopenia have been documented, these episodes have generally 
occurred with higher doses than are currently being used in clinical trials, 
where this has not been a reported problem. 

Immune system 

There is a theoretical concern regarding an intTeased risk of cancer because 
of auto-oxidation and lipid peroxidation, with the production of carcino- 
genic byproducts. Toxic lipid peroxides, such as malondialdehyde, have 
been found in cod Jiver oil (Fiche et ai, 1988). However, vitamin H, as an 
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antioxidant ♦ is added to all capsule preparations used for public sale and in 
clinical Uials. None of the epidemiological studies previously ciied have 
demonstrated a basis for this concern. Greenland Eskimos and the Japanese 
have amongst ihc lowest documented rates of breast cancer. \n addition^ 
there is animal work which suggests that w-3 fatty acids have a protective 
effect against experimental cancers of the pancreas (O Connor et al, 1985), 
breast (Jurkowski and Cave, 1985) and colo^n (Reddy and Sugie. 1988), 

Although not observed clinically, there exists the theoretical possibility of 
an immunodeficiency state produced by chronic fish oil administration. 
These concerns exist because of the observation in w-3 PUFA treated 
patients of the reduction in levels of the mediators of inflammation and 
immune responses such as interleukin-1 (Endres et ah 1988), as well as 
transient declines in whole blood neutrophil counts, aggregation and 
chemotaxis (Lee et al, 1985; Mehta et al, 1988). A recent account (Ogden et 
al, 1988) reported an unusual case of reactive lymphoid hyperplasia that 
occurred with the ingestion of fish oils, and resolved promptly after discon- 
tinuation, only to recur almost immediately after rechallenge. Lymph node 
biopsy demonstrated reactive hyperplasia with prominent histiocytosis. 



Metabolic 

Besides the previously described elevations in atherogenic LDL cholesterol 
and apo-B, adverse effects on blood sugar homeostasis have been reported. 
In patients with type 11 diabetes mellitus, Glauber and colleagues (1988) 
have reported a fall in plasma insulin levels leading to an increase in blood 
sugar concentrations. After a diet supplemented for 1 month with 5.5 g/day 
[i>-3 fatty acids, fasting glucose rose from 13.1 ± 1 .3 to 15.3 ± 1 .3mmol/iitre 
(F=0.()3). This effect was reversed when fish oils were stopped. Kasim et al 
(1988) confirmed this finding, and additionally demonstrated that in type 11 
diabetic patients without overt hyperlipidaemia, <i>-3 PUFA administration 
is associated with a potentially detrimental rise in apo-B concentrations. 

The trend towards decreased PGEa production (Knapp and Fitzgerald. 
1989) needs to be further explored. If this relationship holds true, then there 
is the potential for inducing or worsening renal failure in susceptible 
populations by suppressing renal production of this vasodilaiory hormone. 
This- would be of particular concern in the elderly with borderline renal 
function, and in those with renovascular hypertension or hypertension 
related to intrinsic renal disease. In a rat model (Scharschmidt et al, 1987), 
where residual renal function is dependent exclusively on prostaglandin 
production, renal failure has developed after the administration of fish oils. 



CONCLUSION 

The theoretical and experimental benefits of w-3 fatty acid dietary 
supplementation, and the positive results of clinical studies, permit cautious 
optimism about a future beneficial role for these agents in the primary and 
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secondary prevention of atherosclerosis. It is likely that the beneficial 
influence's operate independently of any changes in lipid profiles. These 
agents have an additional advantage because of their lack of serious toxicity. 
Further, well controlled clinical trials are required to confirm the positive 
findings' in the initial human trials of the beneficial effects of fish oils on 
PTCA restenosis and bypass graft occlusions, the possible interactions with 
other therapeutic agents, and adverse metabolic effects. 
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